Leisure-time physical activity enhances hearth and functioning in older populations. However, few data are available on the correlation between self-reported leisure-time physical activity and cardiorespiratory fitness in the elderly. Treadmill exercise testing results were obtained for 1,006 members (median age 67 years) of a community-based sample. Subjects completed a standardized evaluation of medical/social history and measures of physical function. Leisure-time physical activity in the 12 months and 7 days before interview and over subjects' lifetimes was summarized as total and activity-specific METs/week and [METs * (hours/week)]. Multiple linear regression was used to investigate the cross-sectional, sex-specific associations between peak oxygen consumption (VOJ and exercise duration. After adjustment for age, body mass index, smoking history, medical morbidity, direct measures of physical functioning, forced expiratory volumes, and maximum respiratory muscle pressure, leisure-time physical activity accounted for ^ 5% of the variance of VO 2 and exercise duration. Results were unchanged when analyses were restricted to subjects who achieved high levels of exercise. These data indicate that measures of aerobic capacity cannot be used to "validate" self-reported leisure-time physical activity in older subjects, and they further suggest that beneficial effects of physical activity in the elderly are the result of metabolic effects that are not reflected well by maximal aerobic capacity during exercise testing. Am J Epidemiol 1998;147:921-31.
from the baseline evaluation are presented that indicate that, in elderly subjects, self-reported leisure-time physical activity is poorly associated with peak oxygen consumption (VO2), a measure of cardiorespiratory fitness.
MATERIALS AND METHODS

Subjects
The Study of Physical Performance and AgeRelated Changes in Sonomans (SPPARCS) project is a community-based longitudinal study of physical activity and fitness in people S55 years of age who live in the city and environs of Sonoma, California. A community-based census identified 3,057 age-eligible individuals; 2,092 (68.4 percent; 846 males, 1,246 females) agreed to participate in the study and were enrolled between May 1993 and December 1994. The age distribution of these subjects was similar to that of the 1990 Census data (13) for persons aged ^55 years who resided in the study community. Protocols were approved by the Committee for the Protection of Human Subjects at the University of California, Berkeley, and the Human Subjects Committee at the University of California, San Francisco.
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Assessment of leisure-time physical activity
Subjects were asked about the typical number of times per week that they performed 22 leisure-time physical activities. Each activity was assigned a MET value from the compendium of Ainsworth et al. (14) (table 1). When the compendium did not match exactly the activity in the study questionnaire, the average of the two closest descriptions was used; the lowest MET value was assigned when an average did not seem appropriate. For each activity, subjects were asked the following: 1) the average number of times per week that they had performed the activity over the previous 12 months; 2) the number of hours in the previous 7 days in which they had engaged in the activity; and 3) whether they usually "worked up a sweat" during each activity. Subjects were asked whether they had performed the activities at least three times per week for 20 minutes each time for at least 1 year at ages 15-20 years, 20-39 years, and 40 years to the time of interview and whether they had participated in competitive sports while in school.
Histories of leisure-time physical activity were summarized as follows: 1) 12-month average METs/week for all activities (summation over all activities of (MET value * average number of times per week)), exclusive of leisure walking; 2) 12-month average METs/week for three mutually exclusive classes of activity intensity-3-<4, 4-<6.5, and >6.5 METswith brisk walking as a separate category; 3) total (METs * (hours in the previous 7 days)) (summation over all activities of (MET value * hours in the previous week)) (15); 4) (METs * (hours in the previous 7 days)) in the same activity intensity classes as for point 2 above; and 5) lifetime activity patterns, with the three activity intensity classes coded as "no past category-specific leisure-time physical activity," "intermittent," or "continuous involvement in categoryspecific leisure-time physical activity" (the latter code defined as the report of activity in a given MET category in each age range).
Subjects were asked whether they limited physical activity for physical reasons (e.g., arthritis), for general reasons (e.g., no interest), or on the basis of a physician's recommendation. Eighteen choices were provided.
Direct measures of physical function
Direct measures of physical performance (16) were carried out in the home: 1) standing balance, measured with semi-tandem, tandem, and one-legged stands in sequence (number of seconds up to 10); 2 ) 10-foot (3-m) walk (lengths in 60 seconds, converted to feet/ second); 3) 360° turn (steps to complete); 4) reaching down and returning to a standing position (seconds); 5) chair stand (number of stands in 60 seconds up to a maximum of five stands); 6) grip strength in kilograms (Hydraulic Dynamometer #68840; Fabrication Enterprises, Inc., Irvington, New York); and 7) manual dexterity (seconds required to turn a coin five times). Principal components and factor analysis (17) confirmed the existence of two domains of function that accounted for 69 percent of the overall variance. Scores ranged from 0 (worst) to 31.4 (best).
Pulmonary function testing
In accordance with American Thoracic Society criteria (18) , subjects performed maximum expiratory maneuvers in the study laboratory, while seated with a nose clip on a dry, rolling seal spirometer that was linked to a computer (Plus System; Warren E. Collins, Braintree, Massachusetts). Calibration was performed daily with a 3-liter syringe. Data were analyzed for subjects with at least two time-volume tracings for which forced expiratory volumes in 1 second (FEVj) were within 10 percent Maximum values for forced vital capacity, FEV!, instantaneous flow at 50 percent Physical Activity and Physical Fitness in the Elderly 923 (FEF 50 ) and at 25 percent (FEF 75 ) of vital capacity, and maximum midexpiratory flow (FEF25_7s) (18) were evaluated.
Maximum inspiratory pressure and maximum expiratory pressure were obtained with a digital manometer (DPM, MIP/MEP; Warren E. Collins). Subjects performed up to five maneuvers. Acceptable test results within 10 percent of each other were retained.
FEVj and exercise duration were adjusted to age 70 years (the median age for both sexes). FEVj was also adjusted to sex-specific median heights (males 69.0 inches (175.3 cm), (females, 63.5 inches (161.3 cm)).
Treadmill exercise testing (12)
Treadmill testing was performed in the study laboratory by a single experienced technician. Subjects were eligible for treadmill exercise if, on the basis of a standardized interview, they were free of known cardiac and cerebrovascular disease as well as musculoskeletal impairment that would preclude treadmill exercise, and they were otherwise medically able to safely complete a full treadmill exercise test. These criteria were met by 1,101 subjects (52.6 percent; 438 males, 663 females). A total of 408 (48.2 percent) males and 583 (46.8 percent) females did not attempt or were not eligible to perform the protocol for the following reasons: coronary artery disease (48 percent male, 26 percent female); cerebrovascular disease (20 percent male, 14 percent female); orthopedic problems (e.g., use of a cane or walker) (17 percent male, 18 percent female); and "other" (e.g., arthritis, asthma, uncontrolled hypertension) (15 percent male, 42 percent female). Age distributions for those excluded did not differ between males and females. Males and females who participated in treadmill exercise were significantly younger (mean = 68 ± 8 years for males, 67 ± 7 years for females) than those who did not perform the protocol (73 ± 8 years for males, 74 ± 9 years for females; p < 0.001 for both sexes combined).
A physician obtained a medical history and performed a brief physical examination, as well as a 12-lead electrocardiogram, to exclude those subjects with evidence of significant subclinical cardiac disease. Subjects exercised on a computer-driven treadmill (CASE 15; Marquette Electronics, Inc., Milwaukee, Wisconsin) using the Cornell modification of the Bruce treadmill exercise protocol (19) . The 12-lead electrocardiogram was monitored continuously during exercise. Subjects were exercised to their selfdetermined maximal capacity or until the physician stopped the test because of symptoms, electrocardiogram changes, or undue change in blood pressure. Subjects were instructed that they could stop the test whenever they felt the need to do so. The Borg scale (6-20) was used to quantify subjects' perceived level of exertion at the time the test was stopped (20) .
Continuous breath-to-breath respiratory gas measurements were obtained (MedGraphics CPX/D System; Medical Graphics Corporation, St. Paul, Minnesota). Oxygen consumption (VO^, carbon dioxide production, minute ventilation, and respiratory rate were measured directly. Flow meters and gas analyzers were calibrated daily for accuracy and linearity with a syringe of known volume and with precisely analyzed gas mixtures. Gas analyzers were checked by autocalibration prior to each test.
Duration of exercise and level of oxygen consumption at peak exercise (peak VO2) were used as the main measures of physical fitness. Subjects who could not exercise for at least 4 minutes {n = 95) were excluded from analyses.
Height was measured in stocking feet and at full inspiration to the nearest l A inch (12.7 mm) with a wall-mounted stadiometer (21) . Weight was obtained in stocking feet with a digital scale to the nearest l h pound (0.2 kg). Body mass index was calculated as weight (kg)Zheight 2 (m 2 ).
Data analysis
All analyses were sex-specific. Distributions of categorical variables were evaluated with x 2 or exact tests. Continuous variables were evaluated with parametric and nonparametric analysis of variance. Spearman and Pearson correlation coefficients with and without adjustment for age were obtained (22) .
Ordinary least squares regressions were used to identify the set of factors that were associated with peak VO 2 and exercise duration. In addition to selfreported leisure-time physical activity, factors considered were those that would be expected to have crosssectional associations with the measures of fitness. All models included age, age 2 , and body mass index to control for the association of these factors with VO 2 and exercise duration (10) . The analysis was carried out in stages.
Stage 1. Stage 1 identified which summary measures of leisure-time physical activity were most closely associated wim peak VO 2 and exercise duration after adjustment for age and body mass index. Associations at this stage were viewed as the "crude" associations between measures of leisure-time physical activity and peak VO 2 and leisure-time physical activity and exercise duration.
Stage 2. Stage 2 identified which factors among, the following were independently associated with peak VO 2 and exercise duration: direct measures of physical function, maximum inspiratory pressure, maxi-mum expiratory pressure, the number of reasons subjects limited their activities, a health indicator (the presence of cancer (except nonmelanoma skin cancer), chronic respiratory disease, diabetes mellitus, kidney disease, liver disease, or peripheral vascular disease), smoking history (never, quit >10 years previously with <38 pack-years, quit >10 years previously with >38 pack-years), quit <10 years previously, current smoker). A number of these factors (e.g., the health indicator) were potential confounders of any association between leisure-time physical activity and VO 2 and leisure-time physical activity and exercise duration.
Stage 3. Stage 3 determined which measures derived from expiratory flow-volume curves were best correlated with peak VO 2 and exercise duration. This stage was included since pulmonary function can be limiting in the elderly (23) .
The final model was developed with all potential predictors that were retained at each of the above stages. Preliminary analysis revealed considerable colinearity between several of the variables. Colinearity was evaluated as recommended by Kleinbaum et al. (22, 24) . Data on continuous and categorical variables with more than two categories were centered around their medians. Reanalysis indicated that colinearity was removed in all cases except for some measures of lung function.
At each stage, variables were entered into the regressions in a forward stepwise procedure. The final model was obtained with a backward stepwise procedure that retained only those variables with an F value 5:3. For each stage model and for the final model, model fit was evaluated by plots of residuals versus fitted values, normality of residuals, leverage and standardized residual plots, added variable plots, and partial residual plots (check for assumption of linearity) (25) . In all cases, these evaluations supported the linear form of the variables and did not suggest that the analyses were being unduly affected by outliers or highly leveraged data points. An interaction term for age * leisure-time physical activity was evaluated by adding it to each of the final-stage models.
RESULTS
A total of 1,006 subjects (418 males, 588 females) exercised for at least 4 minutes. Compared with the remainder of the study population (table 2), these subjects were significantly younger, were more likely to be working, and were less likely to have hypertension, diabetes mellitus, asthma or chronic obstructive pulmonary disease, cancer, or leg claudication (p < 0.01); they were more likely to report engaging in leisure-time physical activity over the previous 12 months and the past 7 days and were less likely to have reasons to limit leisure-time physical activity; and they performed at a higher level on direct measures of physical function. Differences in body mass index and smoking in females were not statistically significant. Age-and height-adjusted FEVj and age-adjusted maximum inspiratory pressure were significantly lower for those who did not exercise. Among those who exercised, the males were younger than the females, had a greater frequency of hypertension and diabetes mellitus, reported more leisure-time physical activity, reported fewer reasons to limit activity, demonstrated greater grip strength, and had a higher physical function score.
Males reported significantly greater levels of activity than did females for most summary measures of leisure-time physical activity (table 3). For both sexes, age-adjusted Spearman correlations demonstrated that average total METs/week and average total (MET * (hours in the past 7 days)) (MET-hours/7-days) were most correlated with grouped activities with intensities of 4-6.5 METs (males: r = 0.73 and 0.76; females: r = 0.70 and 0.78 for METs/week and MET-hours/7-days, respectively). Activities with intensities ^6.5 METs showed partial correlations of 0.53 and 0.41 for males and 0.52 and 0.42 for females.
For most levels of activity, males were significantly more likely (p ^ 0.02) to report that they worked up a sweat than were females (3-4 METs: 57 percent vs. 45 percent; 4-6.5 METs: 83 percent vs. 74 percent; 5:6.5 METs: 88 percent vs. 74 percent). There were no significant associations between the report of sweating and the season in which the subjects were interviewed (May-October = warm, November-April = cool). A total of 113 males (27 percent) and 76 females (13 percent) reported that they engaged in activities that were assigned 5:6.5 METs. The report of working up a sweat with any activity 2:6.5 METs was not associated with the distribution of the 12-month average METs/week or with the average MET-hours/7-days from all activities but was associated significantly with the peak VO 2 and exercise duration (data not shown). The difference was related to higher levels of exercise in 21 males and 7 females who reported working up a sweat with two or more activities of 5:6.5 METs. These 28 subjects were significantly younger than those who did not report such a history (median age: males, 62 years vs. 68 years; females, 59 years vs. 67 years).
Males achieved a significantly greater peak VO 2 , exercise duration, and respiratory exchange ratio than did females (p = 0.0001) ( % See text for definitions. § 90% of males and 75% of females achieved a respiratory exchange ratio 21.00. H Predicted maximum heart rate = 220 -age; mean (standard deviation) actual heart rates at peak exercise: males females = 148 (±19).
(±220),
males and 75 percent of females; 75 percent of males and females achieved a maximum heart rate ^90 percent of that predicted. For both sexes, age-adjusted body mass index was more correlated with peak VO 2 (males = -0.35, females = -0.46) than with exercise duration (males = -0.29, females = -0.34) and was weakly correlated with peak heart rate (males = -0.15, females = -0.12). The Borg rating did not correlate with any measure of leisure-time physical activity for either sex (all partial r's ^ 0.10).
All age-adjusted correlations between measures of leisure-time physical activity and peak V0 2 , exercise duration, and peak heart rate were low for females (all partial r's ^0.20). For males, moderate correlations between the following measures of leisure-time physical activity and peak VO 2 and leisure-time physical activity and exercise duration were observed: total METs/week, MET-hours/7-days for activities with intensities ^6.5 METs, and MET-hours/7-days in brisk walking (partial r. 0.20-0.28).
Variables that were significant in the first three stages of analysis for peak VO 2 are presented in table 4 . Results for exercise duration were the same as those for peak VO 2 ; these models are not shown. In the stage 1 model, the measures of physical activity contributed a total R 2 of only 0.03 (r = 0.17) for males and 0.04 (r = 0.20) for females, which increased slightly (0.05 and 0.06, respectively) when body mass index was omitted from the models. In the stage 2 model, walking speed was the most important direct measure of physical function, and maximum inspiratory pressure entered over hand grip strength. In the stage 3 models, FEV, accounted for the largest proportion of R 2 for peak VO 2 and exercise duration for males but only for peak VO 2 for females.
Self-reported measures of leisure-time physical ac- tivity accounted for only a small proportion of the total variance (1-4 percent) for peak VO 2 and exercise duration in the final models (tables 5 and 6). A history of consistent participation in activities ^6.5 METs remained significant for females but accounted for less than 1 percent of the variance for peak VO 2 (table 5) and 2 percent of the variance for exercise duration (table 6) . Since the high correlation between body mass index and peak VO 2 and body mass index and exercise duration could reflect an underlying biologic and/or behavioral propensity toward fitness, the above models were rerun with body mass index omitted. The coefficients for measures of leisure-time physical activity were unchanged, although a history of consistent participation in high-level physical activities became significant in males. In all cases, the adjusted R 2 's for the models were reduced when body mass index was omitted (females: peak VO 2 = 0.36, exercise duration = 0.35; males: 0.48 and 0.46). Models also were rerun with FEV, and maximum inspiratory pressures omitted, since a large number of subjects did not have acceptable data on one or both of these measures. For females, the /?
2 's and the coefficients for leisure-time physical activity were unchanged. For males, the /? 2 's were slightly reduced and the MET-hours/7-days replaced the 12-month average METs/week.
Interactions between age and leisure-time physical activity were added to the final models. In females, there was a negative interaction between age and both METs/week (p = 0.06) and MET-hours/7-days (p < 0.01) in the models for both peak VO 2 and exercise duration. In males, there also was a negative age interaction but only with METs/week (p = 0.06). In all cases, the model-adjusted R 2 's increased by less than 1 percent when the interactions were added.
Several factors related to the circumstances of the exercise testing that could have influenced the interpretation of the associations were evaluated. For these analyses, residuals were generated based on the models that did and did not include FEV, and maximum inspiratory pressure.
Borg scale ratings at the end of the testing and the model residuals were moderately correlated (Spearman (22) r for males/females: peak VO 2 = 0.34/0.18, exercise duration = 0.30/0.25). For males, the Pearson correlations between respiratory exchange ratio and model residuals ranged from 0.16 to 0.26; for females, they ranged from 0.17 to 0.24. Models were fitted for subjects who achieved a respiratory exchange ratio ^1 and had provided measures of FEV, and maximum inspiratory pressure (268 males, medians: respiratory exchange ratio = 1.12, exercise duration = 14.1 minutes, Borg score = 15; 322 females, medians: respiratory exchange ratio = 1.09, exercise duration = 11.0 minutes, Borg score = 15). The total adjusted R 2 related to leisure-time physical activity for peak VO 2 increased from 0.04 to 0.05 for males and did not increase for females. For exercise duration, the total adjusted R 1 increased from 0.02 to 0.03 for males and did not change for females. The residuals from the models for subjects who reported working up a sweat during at least two activities of 2:6.5 METs did not differ from those for the remainder of the subjects. A history of participation in scholastic sports or duration of such participation also was not associated with model residuals, and model residuals correlated only weakly and nonsignificantly with the percentage of total METs/week or MET-hours/7-days contributed by activities of 2:6.5 METs (data not shown).
DISCUSSION
These cross-sectional data indicate that self-reported leisure-time physical activity (table 3) is poorly correlated with peak VO 2 and exercise duration as measured during treadmill exercise testing in older subjects (median age 67 years; 80 percent 2:60 years). After adjustment for a variety of factors that have been associated with both physical activity (26) and exercise capacity (27) , self-reported leisure-time physical activity accounted for 5 percent or less of the total variance in peak VO 2 and exercise duration (tables 4-6). Furthermore, the associations between selfreported leisure-time physical activity and treadmill measures decreased with age {p :£ 0.06 for all age * leisure-time physical activity interactions). Depending on the treadmill measure evaluated, age, body mass index, or FEVj accounted for the largest percentage of the variance as determined in stepwise regression models (tables 5 and 6). Data from a number of studies are consistent with the data reported herein. Blackie et al. (28) studied volunteers (mean age 66 years) who were free of underlying disease, who had normal FEV 1? and who underwent a maximum exercise test (cycle ergometry). A leisure-time physical activity score, based on activity over the previous year, accounted for only 3 percent of the variance of maximum VO 2 and 8 percent of the variance of maximum power output. The subjects in the Blackie study were more likely than those in the present study to have achieved a maximum VO 2 . In a study by Kohl et al. (11) of a population of self-selected subjects, 3-month and 7-day activity indices were not significantly related to maximal treadmill time in subjects older than age 45 years. A "walk-run-jog index" (partly based on treadmill time itself) and sweating frequency were significantly related to maximal treadmill time, but no estimates of contribution to variance were provided. In a later study from this population by Blair et al. (10) , it can be estimated (Blair's tables 2-5) that a physical activity index based on exercise in the previous month accounted for less than 15 percent and 8 percent of the variance in treadmill time in male and female subjects, respectively, over age 60 years. In a controlled study of training response in older males (mean age 63 years, mean VO 2 ~ 30 ml • kg" 1 • min" 1 ), selfreported "high-intensity" activity in the previous year accounted for only 1.6 percent of the postintervention maximum VO 2 after adjustment for the pretest level of VO 2 (29) . Finally, the overall variance accounted for by leisure-time physical activity in the male peak VO 2 model (table 5) was comparable with that observed in a study of 537 subjects aged 20-60 years (48 percent aged 41-60 years) who were free of underlying cardiovascular disease and cancer, had a normal body mass index, and were known to be highly active (30) .
The relatively poor association between leisure-time physical activity and treadmill measures in the present study is not likely to have been due to the fact that many subjects did not achieve maximum exercise. The results were virtually unchanged when the analysis was restricted to subjects who achieved a respiratory exchange ratio a 1.00. Model residuals for subjects who reported that they worked up a sweat during high-intensity activities did not differ significantly from those of other subjects. Although work-related physical activity was not considered, it is unlikely to have affected the results, since over two thirds of the subjects were retired and those who were not tended to have jobs that did not require high levels of physical activity (data not shown). To some extent, physical activity was underestimated by our not having included the frequency and extent of climbing stairs (31) and the performance of certain household chores such as cleaning and making beds (32) . A number of questions about yard chores were included and contributed to the summary measures of leisure-time physical activity. Finally, no account was taken of the effect of measurement error in the ascertainment of leisure-time physical activity. Since most of the covariates included in the models were measured with reasonably high precision (e.g., body mass index, age, FEV, health indicator, physical function measures), it is most likely that measurement errors in leisure-time physical activity metrics resulted in some underestimation of the relation with treadmill measures (33) . Other potential sources of unexplained variance relate to the potential for genetic heterogeneity in training effects (34), the decision not to include average duration in the metrics based on the total leisure-time physical activity averaged over the 12 months prior to interview, and the relatively low percentage of total METs contributed by intense activities that are likely to produce a training effect on aerobic capacity.
Based on these data, self-reported leisure-time physical activity cannot be considered a useful surrogate for physical fitness in older subjects, as might be implied by published syntheses of data on the relation between leisure-time physical activity, fitness, and health (8) . Moreover, measures derived from treadmill exercise should not be used to "validate" self-reported physical activity in the elderly, as has been done with younger (10, 11, 15) and some older (11) subjects.
Among the several objective measures of physical function evaluated in this study, only walking speed was consistently associated with treadmill performance. Although this finding may not be surprising given the type of test, its potential importance is illustrated by observations on a highly select group of females aged 48-90 years in whom peak VO 2 and calf muscle strength were the best predictors of activities of daily living (35) .
Measures of lung function have been shown to be predictors of all-cause and cardiovascular mortality (36) (37) (38) and cardiovascular morbidity (39) independent of the effects of smoking. Therefore, it is of interest that, in three of the four models evaluated (tables 5 and 6), FEV, entered the models before age in a forward stepwise procedure and accounted for 40-50 percent of the "explained" variance in the models. Moreover, the fact that FEV, (and not flows at low lung volumes) remained the only significant measure of lung function suggests that FEV, level is more of a surrogate marker for decreasing biologic vigor ("aging"), as reflected by decreased aerobic capacity, than it is a measure of age-related deterioration in lung mechanics (23) . This conclusion is tempered somewhat by the fact that FEVj is measured with much greater precision than are flows at low lung volumes (40) .
Finally, these cross-sectional analyses cannot clarify the degree to which either the level of habitual physical activity or the level of physical fitness contributes independently to the beneficial, protective effects associated with physical activity. However, the results reinforce the likelihood that the reported morbidity and mortality-sparing effects of physical activity in the elderly are, to a substantial degree, the results of the beneficial metabolic effects of activity that are not necessarily reflected in increased aerobic activity (41) .
